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Abstract 
Case-based reasoning is a methodology to develop knowledge-based systems, a key concept in artificial intelligence courses that 
are included in most engineering degrees (electric, electronic, systems and computer science). In this paper we propose the use of 
Lego robots in labs for case-based reasoning learning. On the one hand, the combination of robotics and artificial intelligence 
provides different approaches to our learning goal, case-based reasoning, depending on the engineers’ background. Through the 
use of amusement, students learn the target concept in an application domain that poses several challenges to case-based 
reasoning itself.   
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1. Introduction 
 
Recently, Lego Mindstorm© has been proved to be a useful tool for motivating the learning of technology 
students. With regard to university students who are involved in technology studies (Electric and Electronic 
Engineering, Computer Engineering), Lego offers a way to make courses more enjoyable.  Getting the attention of 
the students is always a matter of concern for teachers, so Lego gives academic staff an opportunity to incentivise 
students by making them interested in the courses.  
In particular, we are involved in teaching artificial intelligence (AI) courses. Among the different topics 
addressed, case-based reasoning (CBR) is presented as a decision support methodology for building knowledge-
based systems.  There are different tools available for teaching CBR. Their use in the classroom (or laboratory) 
means that students deal with “boring” tests on different data sets, changing the different parameters that result in a 
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better outcome in terms of a case-based system in a given domain. The most commonly used task relates to either 
medical or equipment diagnosis. They consist of simple classification problems, with a lot of data available on the 
web (see, for example, Bache & Lichman, 2013).  Choreographies, on the other hand, pose interesting problems for 
case-based reasoning, since the solution to a problem is not just a class (as in the diagnosis, ill versus healthy, 
working versus broken), but a sequence of movements or plans (choreographies) that are much richer than other data 
sets when it comes to understanding case-based reasoning methodology. Moreover, if choreographies are executed 
by Lego dancing robots that move according to trendy music, the duties of the students can become amusing, 
allowing them to ignore the amount of time spent in the lab.  
Our ultimate goal is to engage students in dealing with AI topics. One of the major concerns of current AI is 
what is called “situated” intelligence that involves acting according to the context, and also “embodied” artificial 
intelligence (Arsenio, 2004; Steels & Brooks, 1995), meaning that actions should be constrained by the physical 
capabilities of the actor. Therefore, the use of robots in artificial intelligence labs seems to be a good first step 
towards achieving our goals. 
On the other hand, AI is present in a number of different engineering careers, thus connecting AI with robotics 
allows, for example, electronic and systems engineers to become familiar with the discipline, in addition to 
computer science engineering students.  
In this paper we describe the teaching materials developed to teach case-based reasoning with the use of Lego 
robots to solve planning problems (choreographies).  The building instructions and examples of Lego programs are 
commented on and provided to the teaching community. Some discussion and reflections about the use of the 
technology is provided at the end of the paper.  
 
2. Case-based reasoning lab 
 
2.1. Assignment description 
 
The student is requested to “build” a case-based reasoning system and test it on a Lego robot. Regarding the 
CBR system,  
• They are given a set of songs, characterized by several parameters (tempo, beats per minute (BPM), genre) and 
their choreographies, and 
• They are given a new song that is characterized by the same parameters, but without any associated 
choreography, and  
• They are required to output a new choreography for the new song.  
We say “build” because the assignment varies, depending on the engineering degree. Thus, computer science 
students are able to build the case-based reasoning from scratch, but other engineers receive some templates to 
match their knowledge of software languages and programming skills.   
Case-based reasoning consists of making decisions based on past experiences. An experience or case consists of 
the problem description and the solution (López, 2013; Aamodt & Plaza, 1994). Then, given a new problem (query 
case), the solution to it is derived following a four main stage process:  retrieve, reuse, revise and retain.  Given a set 
of past experiences or cases (the case base), and a query case, in the retrieve stage, the most similar experiences are 
recovered from the case base. In the reuse stage, the solutions to the past experiences are combined to configure the 
solution to the query case. In the revise phase, the solution is validated, and finally, in the retain phase, the new 
solved case is stored in memory for future use.  
There are several techniques to be used in each of the phases. Mainly, CBR focuses on finding the appropriate 
similarity measure in the retrieve stage. Most of the off-the-shelf CBR tools consist of a collection of similarity 
measures, and facilities the editing of new ones as part of this stage of CBR. When using such tools in courses, the 
reuse phase is often omitted.  
On the other hand, choreographies enable us to distinguish two different degrees of difficulty in the assignment 
regarding the reuse phase:  
• Simple: the solution to  a case (choreography) is copied to the new case  
• Complex: the solutions to several cases are combined to provide a new solution.  
While in the former case students are considering the problem of classifying songs (to which choreography does a 
particular song belong?), in the latter case, the students are dealing with plan merging, a more complex problem, in 
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which researchers are still looking for suitable solutions (Foulser et al., 1992).  
 
2.2. Experimental platform 
 
There are two main components: the software component in the computer, and the physical component 
represented by the Lego robot (see Figure 1). The software component has two main modules: the task planner and 
the case-based reasoner. First, the task planner is able to read a choreography file provided by means of a coded file 
as the one shown in Table 1. Once the file is read, the task planner can be downloaded to the Lego robot for its 
execution.  On the other hand, the case-based reasoner receives the song name and the corresponding music file 
(mp3), and provides the corresponding choreography to the task planner.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Experimental platform schema 
 
Table 1. The choreography CH03 corresponding to the “Lazy Song” (Bruno Mars) coded to be interpreted by the 
task planner.  
 
Movement code Repetitions 
88 4 
1 4 
2 4 
1 4 
….  
0  
 
2.3. Materials 
 
The students are provided with the robot kit and a case base (see Table 2) together with a choreography set 
according to the cases in it (as the one presented in Table 1). The robot kit consists of the Lego pieces and the 
building instructions. To achieve nice dancing effects, the robot has three motors: two assigned to each of two 
wheels, and a third one that allows the movement of the robot’s head (see Figure 2). Moreover, it has two floating 
arms, so that when the robot moves, the arms also move, enhancing the dance effect.  
Regarding the case base, students are free to improve it. As much as it is accompanied by the choreography, that 
it is not always easy to procure (thus, case-based reasoning helps!). Each choreography is represented by codes in an 
ASCII file. Each row contains the movement code and the number of times the movement is repeated. An exception 
is the first row that contains the BPM that defines the rhythm of the song and the tempo.  Movement 0 is interpreted 
as the end of the choreography. The movements correspond to the physical actions of the robot, as for example:  
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• Forward shift 
• Turn right two wheel motors  
• Turn right the left motor 
• Turn right the head motor 
• Etc.  
 
Table 2. An example of a case base. Each song has a different choreography (from CH01 to  CH04)   
Names of singer, writer and producers are omitted due to length.  
 
Song Singe
r 
Genre Yea
r 
Write
r 
Produce
r 
BP
M 
Duratio
n 
Beat  Chor. 
Hold it against 
me 
... Dance, pop,  
electronic 
201
1 
… … 133 3.49 0,45
1 
CH01.t
xt 
Barbra Streisand  House , dance 201
0 
  128 5.00 0,46
9 
CH02.t
xt 
Lazy song  Reggae, pop 201
1 
  88 1.13 0,68
2 
CH03.t
xt 
Follow the 
leader 
 Electronic, Latin 200
8 
  128 3.57 0,46
9 
CH04.t
xt 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Lego robot used in the lab 
 
Regarding the cases, they are characterized by the name of the song, the singer, the genre (dance, pop, electronic, 
house, reggae, Latin, etc.), the year in which it was launched, the writer, the producer, BPM, the duration, the beat 
duration (shortest means a fast tempo), and the choreography file attached  (see Table 2).  
 
3. Discussion and conclusion 
 
We have run the lab with student volunteers. One interesting finding is that our lab proposal reduces the gap 
between conducted learning methodologies and autonomous ones. That is to say, engineers begin an AI course after 
have experienced various learning methodologies, where they are always told which questions to answer in 
association with some given exercise. For example: “What is the measure displayed in the equipment?”  When 
moving from such a methodology to some other autonomous ones, as in “use case-based reasoning”, they seem to be 
lost, and most of them fail to finish the labs. However, involved in the entertaining process of building up the Lego 
robot and making it dance, they forget that they are solving a complex problem.  
However, our main concern has been the difficulties raised when linking the software component with the 
hardware component. This result coincides with our previous experiments with fuzzy systems (López and Meléndez, 
2004). Other drawbacks include the fact that students are dedicating much more time to finding music to enlarge 
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their case base than on improving their case-based reasoning systems, once they work. We think that by providing 
the appropriate evaluation criteria, students can change this tendency to “lose” time with regard to music selection 
and dedicate much more time to fine-tuning the case-based reasoning techniques.  
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